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Executive Summary 
This Rapid Evidence Assessment used the systematic review procedure to assess the 
current evidence available on the reliability/robustness of sampling and analytical 
methodology used to provide data sets describing the presence of microplastics in the 
environment. A review was conducted of primary literature, including grey literature, which 
reported sampling and analytical methodologies that have been used to determine the 
presence of microplastics in aquatic matrices; the abundance, substance, state, 
morphology, dimensions and sources of microplastics reported to have been found in 
freshwater and estuarine environments.  
Evidence was acquired according to a predefined set of questions, compiled into a 
database containing full details of the source and its relevance to the project questions. 
The evidence was analysed, taking into account reporting biases in the literature, to 
produce a digestible summary of the evidence to answer the main project question and 
sub-questions, namely, 
Are the current sampling and analytical methods used to provide data on the presence of 
microplastics in freshwater and estuarine matrices as well as other environmental 
materials scientifically robust and appropriate? 
a) Are the methods transferable to different sample matrices and can they be used 
to assess changes to the microplastic profile and properties at different stages from 
sink to river and river to tap?  
b) With samples from different matrices, what pre-processing of samples is used?  
c) If the method has been used in marine environments, does it require any 
modification to be used in equivalent freshwater environments?  
d) To what extent can the method provide information on different characteristics of 
microplastics such as substance, state, morphology and dimensions?  
e) Does the sampling method used address spatial and temporal variation 
adequately? 
A set of pre-defined terms were used to search various databases and 1844 potential 
evidence sources were identified. Further screening resulted in the identification of 283 
sources likely to contain evidence relevant to freshwaters and estuaries. Of these, 209 
unique sources were used to provide evidence, with 127 sources providing evidence from 
freshwaters and 68 from studies on estuaries and 14 providing evidence from both 
habitats. Several sources contained evidence that was relevant to different habitats within 
freshwaters. 
Are the current sampling and analytical methods used to provide data on the presence of 
microplastics in freshwater and estuarine matrices as well as other environmental 
materials scientifically robust and appropriate? 
The three main steps in the analysis of microplastics in the environment are,  
1. capture of the sample from the environment,  
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2. preparation of the sample to separate microplastics from other material (including 
laboratory filtering, density separation and digestion), and  
3. quantification and characterisation of microplastic particles (potentially including 
analytical determination of the polymer). 
The approaches used to capture samples of microplastics from water included nets, both 
static and trawled, bulk water samples and samples of water pumped over sieves. Data 
were typically reported per unit volume or, occasionally, where surface trawls were used, 
per unit area. The volume of water sampled varied over eight orders of magnitude in 
freshwaters and six in estuaries. There was a direct relationship between the size of the 
smallest particles studied and the volume of water sampled in both freshwater and 
estuaries: large volumes of water can only be sampled using nets of relatively coarse 
mesh, which in turn do not capture smaller particles. The mean abundance of microplastic 
particles reported was inversely correlated with the volume of water sampled. Whilst it is 
necessary to collect a sufficiently large sample of the matrix to ensure that any estimates 
of abundance are robust and representative (i.e. sufficient to capture an adequate number 
of particles to provide a valid estimate of concentration), the mean abundance of particles 
reported was also inversely related to the size of the smallest particle considered.  
Sediments were sampled using a variety of techniques, including grabs, cores, quadrats, 
scoops and resuspension cylinders. Data were reported per unit volume, per unit sediment 
mass, or occassionally per unit area (without any indication of depth sampled). To enable 
comparison, data expressed per unit sediment mass were converted to per unit volume 
using the density of sediment. The range of volumes of sediment sampled was 
considerably lower than for water, spanning three orders of magnitude, and with all sample 
volumes less than 0.1 m3. The difference in the range of sample volumes used between 
these two matrices (water and sediment) was likely to be a consequence of the difficulty of 
sampling large volumes of sediment. The volume of sediment sampled did not appear to 
be related to the smallest particle size considered in either freshwaters or estuaries, and 
was more likely to be governed by the practicalities of collecting, transporting and 
processing large volumes of sediment. Similarly, the mean abundance of microplastic 
particles did not appear to be related to the volume of sediment sampled or the smallest 
particle size considered. Nevertheless, due to the limited range of sample volumes used, 
the evidence available may not be sufficient to robustly test such relationships and it is 
likely that the inverse relationship between particle size and abundance observed in water 
also applies to sediment. It is likely that, in many cases, the volume of sediment sampled 
has been insufficient to provide a robust estimate of larger, and hence less abundant, 
particles. 
The reliability of the evidence provided by the sources was assessed based on ten criteria: 
(1) sampling method and strategy, (2) sample size, (3) sample processing and storage, (4) 
laboratory preparation, (5) clean air conditions, (6) negative controls, (7) positive controls, 
(8) target component (for biota), (9) sample (pre)treatment, and (10) polymer identification. 
For each criterion, a score of 0, 1, or 2 was assigned to the evidence source under review. 
Scores signified the following: 2 = reliable without restrictions, 1 = somewhat reliable but 
with restrictions, 0 = not reliable.  
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Only 12 studies did not score 0 in at least one category, with the average being 3.77 zeros 
per study. Overall, the majority of studies of microplastics in freshwaters and estuaries are 
based on methods that are in some aspects not reliable. 
Are the methods transferable to different sample matrices and can they be used to assess 
changes to the microplastic profile and properties at different stages from sink to river and 
river to tap?  
The standard approach used in marine systems is to tow a net (plankton, manta, neuston 
or bongo nets) comprised of ≈330 μm mesh over long distances, an approach that has 
been adopted for sampling both large lakes and rivers. Whilst this method is appropriate 
for sampling larger particles that occur at low abundance, bulk water samples, either 
pumped or grab samples, are required to sample smaller sized particles. There was 
insufficient evidence to draw conclusions regarding the most appropriate way to sample 
microplastics from freshwater and estuarine sediments. 
Direct comparison of concentrations of microplastics among studies that consider different 
size ranges of particles is not possible, and comparisons should be constrained to studies 
that consider similar sized particles. However, the log-log relationship between the size of 
the smallest particles considered and the reported concentration of microplastics should 
allow cross-study comparison of the relative abundance of microplastics. 
With samples from different matrices, what pre-processing of samples is used?  
Different methods have been used to separate microplastics from biota, sediment and 
water, potentially leading to different concentrations and profiles of microplastics being 
reported from the different matrices. Studies of biota tended to use no separation (other 
than dissection) more than those of other matrices, and studies of sediment used a 
combination of density separation and filtration more than those of other matrices. A large 
proportion of studies did not use any digestion (42% of sources from freshwater [n=141] 
and 49% of sources from estuaries [n=82]), potentially leading to an overestimate of the 
abundance of microplastics through the misidentification of non-plastic particles. Digestion 
with acid or alkali was largely restricted to studies of biota; these more aggressive 
treatments should be avoided as they lead to degradation of plastic particles and, hence, 
an underestimate of abundance. Only one study considered particles in the nanoparticle 
range (≤ 0.1 μm), which used a Triton X-45 (TX-45)-based Cloud Point Extraction 
technique to separate and capture particles coupled with pyrolysis gas chromatography–
mass spectrometry (Pyr-GC/MS) to quantify and characterise them. 
If the method has been used in marine environments, does it require any modification to 
be used in equivalent freshwater environments?  
Most evidence from fresh and transitional (estuarine) waters was based on methods that 
were not modified compared with those used in marine systems (>85% over all evidence 
sources). Modified methods were more prevalent in studies of sediment (particularly 
freshwater) than other matrices. 
To what extent can the method provide information on different characteristics of 
microplastics such as substance, state, morphology and dimensions? 
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Optical microscopy on its own or in combination with Fourier-transform infrared (FTIR) 
spectroscopy were the most frequently used methods to quantify and characterise 
microplastics. Of the criteria that form the European Chemical Agency (ECHA) definition of 
microplastics (substance, state, morphology and dimensions), none of the methods used 
to quantify and characterise microplastics provided any information on state (solid/semi-
solid). Optical microscopy alone provided no information on substance composition (i.e. 
polymeric form), despite this method being used frequently in both freshwaters (23% of 
evidence sources [n=141]) and estuaries (39% [n=82]). Optical microscopy on its own or in 
combination with FTIR or Ramman spectroscopy rarely provided information on the source 
of particles (primary or secondary particles). The number of particles that were analysed 
by each evidence source varied from 10 particles throughout an entire study to every 
particle captured. Hence, the reliability of the information obtained, particularly that 
describing the profile and chemical properties of microplastic particles, varied considerably 
among the different evidence sources. 
Does the sampling method used address spatial and temporal variation adequately? 
The majority of evidence available on microplastics in freshwaters and estuaries was 
based on spot samples, with no or limited replication in space and time. Overall, 39% of 
studies were based on unreplicated samples. The lack of robust replication will influence 
the confidence with which changes can be identified in the profile and properties of 
microplastics at different stages along the pathway of release and transport. 
 
In conclusion, scientifically robust and appropriate sampling and analytical methods have 
rarely been used to provide data on the presence of microplastics in freshwater and 
estuarine matrices. Only 12 studies did not score 0 in at least one of the criteria used 
assess reliability: the methods used in these 12 studies should be considered as a basis 
for developing a standardised methodology. 
Based on the findings of this evidence review, we recommend that methods should report 
the size range of particles considered, or better provide estimates of the concentration and 
properties of microplastics by size class, that these should be based on an appropriate 
volume of the matrix sampled, and robust replication both in terms of the samples 
collected from the environment and the proportion of particles characterised. We also 
recommend a more consistent approach to the separation and digestion stage of 
processing samples.
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1 Introduction 
1.1 Background 
Plastics are synthetic polymers which can be made into a vast range of inexpensive, light-
weight and durable products that bring numerous societal benefits by providing important 
components for a multitude of applications in modern life. Since the 1950s, the plastics 
industry has grown exponentially to a global usage of 348 million tonnes annum-1 in 2017 
(PlasticsEurope 2018). A great variety of polymers and products are encompassed within 
the term “plastics”, some of which will have a long service life, whereas others (around 
40% of all the plastic produced) are used for packaging, which is predominantly single use.  
It has been discovered that microscopic particles of plastic (microplastics), have been 
released into the environment (Thompson et al. 2004). Here we use the European 
Chemical Agency working definition of microplastic as “any polymer, or polymer-
containing, solid or semi-solid particle having a maximum size of 5 mm or less in any 
dimension” (ECHA 2018). Additionally, the definition includes both those microplastics that 
have been intentionally created (i.e. primary microplastic), and those that are derived from 
degradation of larger plastic particles (i.e. secondary microplastic). It is estimated that 12 
billion tonnes of microplastic will be discarded globally by 2050 (Geyer et al. 2017), with 
additional particles derived through degradation of larger material, resulting in impacts on 
biota predicted to cost in excess of $13 billion annum -1 (Nizzetto et al. 2016). Microplastics 
are now ubiquitous and have been reported from throughout the aquatic environment, from 
surface freshwaters (Hurley et al. 2018a) to the deepest and most remote oceanic regions 
(Ivar do Sul and Costa 2014).  
As microplastics originate from a variety of sources they comprise a variety of different 
polymer types, including polyethylene (PE), polypropylene (PP), acrylic, polyacrylamide 
(PAM), polyamide (PA), polyester (PES), polytetrafluoroethylene (PTFE), and polystyrene 
(PS) amongst others. Furthermore, as with all particles, microplastics are subject to a 
number of physical and biologically-mediated processes as they move through the 
environment. They will be variously affected by these processes such that the 
concentrations and profile of microplastics may vary substantially both in time and space. 
A further complication is that various methods have been used to quantify the abundance 
of microplastics (Mai et al. 2018), thus potentially biasing our perception of the extent of 
contamination by microplastics and preventing easy comparison between different studies 
to be able to form a robust evidence base on the prevalence of microplastics in freshwater 
environments. There is a need to further our understanding of which sources of 
microplastics are prevalent in freshwater systems, in what forms, and what their potential 
impacts on freshwater organisms and ecosystems might be. To fully comprehend the 
prevalence of microplastics it is important to understand the influence of sampling and 
analysis methods on the data reported describing the concentrations and profile of 
microplastics in freshwater and estuarine environments. 
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Within the above wider context, this evidence review is the first of three reviews that aim to 
provide a robust review of the evidence base for informing policy development. This 
evidence is needed to inform decision making to effectively manage any potential risks 
stemming from microplastics. 
 1.2 Objectives 
The overarching aim of this evidence review, commissioned by Defra’s Water Quality 
team, was to improve our understanding of the robustness and appropriateness of current 
sampling and analytical methods used to provide data sets describing the presence of 
microplastics in the environment. The evidence available was assessed using the 
systematic review procedure. 
The objectives were to: 
undertake a Rapid Evidence Assessment for each of the primary research questions; and 
produce a database of assessed evidence. 
The objectives of the evidence review were delineated during the production of the 
evidence review protocol (see Section 2 below) through the following Primary and 
Secondary questions.  
Primary question:  
Are the current sampling and analytical methods used to provide data on the 
presence of microplastics in freshwater and estuarine matrices as well as other 
environmental materials scientifically robust and appropriate? 
Secondary questions:  
a) Are the methods transferable to different sample matrices and can they be used to 
assess changes to the microplastic profile and properties at different stages from sink to 
river and river to tap?  
b) With samples from different matrices, what pre-processing of samples is used?  
c) If the method has been used in marine environments, does it require any modification to 
be used in equivalent freshwater environments?  
d) To what extent can the method provide information on different characteristics of 
microplastics such as substance, state, morphology and dimensions?  
e) Does the sampling method used address spatial and temporal variation adequately? 
This report forms an objective review of evidence collated relating to the primary and 
secondary questions above. It may be used to inform future discussions with policy 
makers, water companies and stakeholders on the robustness and appropriateness of 
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sampling and analytical methods used to provide data on the presence of microplastics in 
freshwater and estuarine matrices. 
2 Methodology 
2.1 Review methodology applied 
This evidence review is a Rapid Evidence Assessment (REA) which aims “to provide an 
informed conclusion on the volume and characteristics of an evidence base together with a 
synthesis of what that evidence indicates following a critical appraisal of that evidence” 
(Collins et al. 2015). The first step in undertaking the review was developing a Protocol 
document to guide the review process, following the methodology outlined in Collins et al. 
(2015). The Protocol was reviewed and approved by Defra prior to commencement of the 
REA. The Protocol document included the conceptual framework for the review, the 
primary and secondary questions to be considered (see Section 1.2), the Population, 
Intervention, Comparator, Outcome (PICO) elements in Table 2.1 and search terms. It was 
decided that the REA work would encompass two components, a literature review and 
interviews with academic experts.  Details of the approach for the two REA components 
are provided in the Sections below.  
Table 2.1 REA PICO elements. 
 
PICO element PICO element for this REA 
Population Microplastics  
Intervention Robust methods used to characterise 
prevalence of microplastics in freshwaters 
and estuaries 
Comparator Unreliable methods used to characterise 
prevalence of microplastics in freshwaters 
and estuaries 
Outcome Robust evidence base on the prevalence of 
microplastics in freshwater environments 
 
2.2 Literature Review  
The quality of the literature, including grey literature, which reported the sampling and 
analytical methodologies that have been used to determine the presence of microplastics 
in aquatic matrices was systematically reviewed and assessed, including the evidence 
produced using these methods on the abundance, substance, state, morphology, 
dimensions and sources of microplastics reported to have been found in freshwater and 
estuarine environments.  
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2.2.1 Capturing the evidence base 
The first step was to assess the overall evidence base detailing research on microplastics 
in freshwaters and estuarine (transitional) waters. A wide search using population search 
terms (Table 2.2) was used at this stage to capture as much of the evidence as possible. 
The results of these searches were saved and interrogated further to answer each of the 
three more detailed key questions and their sub-questions from the three evidence reviews 
on microplastics in freshwaters and estuaries (the first of which is reported here)This 
approach reduced the effort required to establish the evidence base for each ER. 
Publications released prior to April 2019 were included in this review. As microplastics 
have only been studied recently (Thompson et al. 2004), no earliest date was used to 
define the date range of publications included. An exception on the date range was made 
to include two works of high relevance to the UK that were released after April 2019, 
namely Ball et al. 2019 (Sink to River - River to Tap. A review of potential risks from 
nanoparticles and microplastics. UK Water Industry Research Limited Report No. 
EQ01A231) and Santillo et al. 2019 (Plastic pollution in UK’s rivers: a ‘snapshot’ survey of 
macro- and micro-plastic contamination in surface waters of 13 river systems across 
England, Wales, Scotland and Northern Ireland. Greenpeace Research Laboratories 
Technical Report 04-2019).  
Table 2.2 Population level search terms used with Boolean operators to identify the 
population of evidence available on microplastics in freshwaters and estuaries. 
Population 
plastic* freshwater* wetland potable 
micro* river* marsh reservoir 
microplastic stream* swamp aquifer 
nanoplastic brook wastewater* groundwater 
*plastic lake* drinking water sewage 
 pool aquatic outfall 
 pond ecosystem* estuar* 
   transitional 
The databases used for the searches, which encompass both published and grey 
literature, included: 
BioOne, COPAC, DART-Europe E-theses Portal, EBSCO Open dissertations, EThOS: 
Electronic Theses Online Service, European Commission Research Publications, 
European Sources Online, GoogleScholar, MedLine, JStor, SciFinder, Open Access 
Theses and Dissertations, OpenGrey, PubMed, PLoS, Scopus, SciFinder, Web of 
Science. 
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To capture grey literature, additional to that included in the list of databases to be 
searched (i.e. databases detailing unpublished theses and reports) undertook directed 
searches of holdings of relevant environmental regulators (e.g. Rijkswaterstaat (Dutch 
water authorities): http://www.rws.nl, Vlaamse Milieumaatschappij (Flemish Environmental 
Agency): http://www.vmm.be Bundesanstalt für Gewässerkunde (German Federal Institute 
of Hydrology): http://www.bafg.de RIVM (Dutch Environment Agency): http://www.rivm.nl) 
The results of all searches were a) downloaded and saved in a searchable database for 
use in further searches and b) used to map the evidence record. 
The overall evidence base on microplastics in freshwaters captured 3456 unique sources. 
The search engines Scopas, Scifinder and Web of Science produced the most hits. Some 
of the terms used produced a large number of hits, e.g. the combination micro AND 
plastic, but a brief inspection revealed that a large proportion of these sources were not 
relevant, so these terms were only used further in combination with other qualifying terms. 
Of the retained searches, microplastic produced the most hits (total across all engines 
11,636).  
To capture the evidence base to address the Primary and Secondary questions of this 
evidence review, the overall evidence base on microplastics in freshwaters and estuaries 
captured in the first phase was searched further using search terms specific to the 
questions of this evidence review (Table 2.3). 
The results of all searches were a) saved for further use and b) used to map the evidence 
record. After each search was undertaken a complete list of all literature records was 
compiled (with duplicates removed) and transferred to an MS™ Excel spreadsheet, 
formatted with columns corresponding to information fields relevant to the key question 
and sub-questions being addressed (see Appendix B: ER1_Capture.xls).  
A total of 1844 sources were identified through the searches as potentially relevant to the 
questions of this review (Fig. 1). The potentially relevant evidence base was divided 
among the members of the review team in such a way that 10% of records were allocated 
twice (for quality assurance purposes). 
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Table 2.3 Search terms used to identify the evidence available on sampling and analytical 
methods used to characterise microplastics in freshwaters and estuaries. 
Population Intervention Comparator Outcome 
aggregate* spectroscop*  count 
colloid* raman  quantif* 
floc* particle analysis  abundance 
plankton* pyrolysis  concentrat* 
sediment* sampl*  density 
diet* separat*  substance 
content identif*  state 
*fibre flotat*  morphology 
*fiber floatat*  dimension 
*bead microscop*  composition 
fragment* digest*   
pellet* centrifug*   
flake* buoyan*   
nurdle    
dust    
 
Fig.1. Number of hits for the search terms used in ER1. 
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Following the methodology outlined in Collins et al. (2015), each reviewer screened the 
evidence and completed the evidence capture form. The evidence capture form comprised 
two steps. The first initial screen was to:  
a. Identify reviews, which were used for further identification of evidence sources, but not 
included in data capture per se, unless some novel data were presented. 
b. Remove evidence sources not relevant to freshwater or estuarine (transitional) waters. 
c. Identify evidence sources that were likely to be relevant to Evidence Review 1 
(environmental concentrations and methods), Evidence Review 2 (sources, transport 
and modification) and/or Evidence Review 3 (biotic impacts, uptake and biological 
consequences). 
d. Of the 1844 evidence sources identified as potentially relevant, the initial screening 
identified 414 as likely to be relevant to the question of ER1 and, of these, 149 
(excluding reviews) likely to contain evidence relevant to freshwaters and 88 
(excluding reviews) likely to contain evidence relevant to transitional waters (Fig. 2). 
e. Those evidence sources that passed the initial screen were searched in detail to 
capture the evidence relevant to the question and sub-questions, and any relevant 
information recorded under the appropriate fields on the evidence capture form 
(Appendix B: ER1_Capture.xls). In particular, numerical information was captured 
where effects were quantified in the literature (e.g. volume sampled, concentration of 
MPs). These evidence sources were supplemented with an additional 33 sources 
identified as relevant to the questions of this review through the searches undertaken 
in ER2 (31 sources) and ER3 (2 sources), together with two highly relevant reports 
that were released after April 2019 (Ball et al. 2019 and Santillo et al. 2019). 
Of the sources likely to contain evidence relevant to freshwaters and estuaries, 209 unique 
sources were used to extract evidence (Fig. 2). Of these, 51 sources contained evidence 
from standing freshwaters, 67 with evidence from running freshwater, and 35 from other 
freshwaters, mostly effluent from sewage treatment works but including two where the 
waterbody type was not given (wild caught fish purchased from markets). 83 unique 
evidence sources were used where the evidence was from estuaries, with 54 of these 
sources containing evidence that was relevant to what could be considered transitional 
waters. Several sources contained evidence that was relevant to both estuaries and 
freshwaters, as well as different habitats within freshwaters. 
After evidence capture, the total evidence base was compiled and quantified. 
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Fig. 2. Map of evidence identified as relevant to ER1 during initial screening. 
 
All the evidence was transferred from the evidence capture form into a searchable MS™ 
Access relational database, spatially referenced where appropriate (i.e. linked to a GIS 
data layer illustrating the UK field locations where evidence was obtained from: Fig 3). This 
database linked literature sources to the key questions and produced extractable 
summaries of the evidence base underlying each of the key questions and sub-questions. 
The evidence considered in this review included 17 studies undertaken in the UK (Fig 3). 
Of these 11 were from freshwaters and 6 from estuaries. 
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Fig. 3. Location of studies undertaken in the UK considered in this evidence review. 
The evidence on microplastics in freshwaters and estuaries identified was restricted to the 
last decade, with the earliest evidence (from estuaries) from a publication in 2010. Since 
then there has been an exponential increase in publications (Fig. 4.)  
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Fig 4. Number of evidence sources per year. NB 2019 only includes publications released 
prior to April with the exception of Ball et al. 2019 and Santillo et al. 2019. 
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2.2.2 Reliability scores 
Additional information on the reliability of the evidence provided by the source was 
captured using a separate spreadsheet, based on the methods of Hermsen et al. (2018) 
and Koelmans et al. (2019). The quality assessment was made up of ten criteria: (1) 
sampling method and strategy, (2) sample size, (3) sample processing and storage, (4) 
laboratory preparation, (5) clean air conditions, (6) negative controls, (7) positive controls, 
(8) target component (for biota), (9) sample (pre)treatment, and (10) polymer identification. 
For each criterion, a score of 0, 1, or 2 was assigned to the evidence source under review. 
Scores signified the following: 2 = reliable without restrictions, 1 = somewhat reliable but 
with restrictions, 0 = not reliable. If information was lacking on certain aspects in the 
evidence source, this was considered unreliable, leading to a lower score. For each 
evidence source the Cumulative Score was calculated by adding scores for individual 
criteria (maximum 18 points for water and sediment, 20 for biota). For the data provided by 
an evidence source to be considered sufficiently reliable, it should preferably have no 
‘zero’ values for any of the individual scores. To assess the overall reliability of the 
evidence sources the number of zeros was calculated for each. Furthermore, the product 
of the scores in all relevant criteria was calculated, following the methods of Hermsen et al. 
(2018), to give a potential maximum reliability score of 512 (or 1024 for biota), but where 
any one criterion is evaluated as “not reliable” (0 points) the overall reliability score of the 
study will be 0. 
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Table 2.4 Criteria used to assess reliability of evidence sources.  
1. Sampling methods Location - Date - Matrix specific methods should be recorded. 
2. Sample size A suitable sample size - Surface waters: ≥ 500 L, WwTP effluent: ≥ 
500 L, Sediment: ≥ 5 L, Biota: ≥ 50 individuals per taxa. 
3. Sample processing 
and storage 
Prior rinsing of sample pots in filtered/deionised water. No plastic 
materials used. Justification for any fixatives added. 
4. Laboratory 
preparation 
All materials, equipment, and laboratory surfaces need to be 
thoroughly washed and rinsed. 
5. Clean air 
conditions 
The handling of samples should be performed in clean air facilities.  
6. Negative control A replicate of 3 negative controls is advised that are included for 
each batch of samples and treated in parallel to the sample 
treatment. 
7. Positive controls A replicate of 3 is advised in which microplastics of known polymer 
identity and of targeted sizes are added to “clean” samples, which 
are then treated and analyzed the same way as the actual samples. 
The particle recoveries calculated. 
8. Target component 
(for Biota only) 
To capture all ingested microplastic, the full gastrointestinal tract 
(esophagus to vent) of fish and the entire body of smaller species, 
e.g. bivalves, should be examined. 
9. Sample treatment A digestion step must be included to dissolve organic matter  unless 
from a clean water source, and associated loss of polymers 
considered. Digestion without such consideration scores 1.  
10. Polymer 
identification 
Polymer identify needs to be confirmed by FTIR, Raman or GCMS 
on at least a representative subsample of ≥ 50 particles or ≥ 25% of 
filter area. Anaytical techniques to determine polymer identity 
should not be used on particles smaller than the spatial resolution of 
the technique. Score 1 if polymer identity was determined on a 
smaller sub-sample, included excessively small particles or using 
SEM.  
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2.3 Interviews  
Interviews with academics working in the field of microplastics were conducted to get their 
expert opinion on the primary and secondary questions. The four academic experts 
consulted were proposed by Dr. John Iwan Jones (Queen Mary University of London) and 
Defra. The academics consulted were:  
Professor Andrew C Johnson, Centre for Ecology & Hydrology 
Dr Claus G. Bannick, Umweltbundesamt, Germany 
Professor Dr Stefan Krause, University of Birmingham 
Professor Richard Thompson OBE, University of Plymouth 
Interviews (lasting 30-45 minutes) were held via phone with all the academics above. 
During the telephone interviews, the academics were requested to: provide their expert 
view on each of the primary and secondary questions; comment on key published 
literature relating to the questions; provide information on ongoing or unpublished work 
relating to this ER, if applicable.  The interviewee responses were recorded as notes 
during the interviews. The key messages/highlights derived from the interviews are 
outlined in Section 3. 
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3 Key messages from interviews with 
academic experts 
Primary question:  
Are the current sampling and analytical methods used to provide data on the presence of 
microplastics in freshwater and estuarine matrices as well as other environmental 
materials scientifically robust and appropriate? 
All four academic experts interviewed noted that a wide variety of methods have been 
used, with no standardization amongst workers, such that comparison among studies is 
difficult. In part the lack of a standard definition, particularly of the lower size limit, has 
added to this lack of comparability. Also, the all four academic experts noted that there is 
no consensus on what comprises a representative sample volume in order to adequately 
quantify particles of different sizes. The experts raised concerns regarding the influence of 
the different sample preparation methods (separation and digestion) used to remove non-
plastic material from samples, in particular the effect of digestion on certain polymers. 
Another substantial concern was the variation, and frequent lack, of measures used to 
prevent contamination. The four academic experts acknowledged that variety of analytical 
methods are available, but they are still in a state of flux as the science of microplastics  is 
still in its infancy. Automated methods based on Fourier Transform Infrared Spectroscopy 
(FTIR) are becoming available which will reduce any potential bias caused by human 
selectivity when identifying microplastic particles. It was the opinion of the academic 
experts that human subjectivity has potentially influenced the conclusions drawn to date.  
Secondary questions:  
a) Are the methods transferable to different sample matrices and can they be used to 
assess changes to the microplastic profile and properties at different stages from sink to 
river and river to tap?  
The message from the four academic experts interviewed was that, in principle, the 
analytical methods should be transferable among matrices, but that the preparation of 
samples would have to be different for the three matrices (water, sediment, biota). The 
academic experts were of the opinion that appropriate sample preparation is key to ensure 
that other particles do not confound quantification of microplastics. The experts also stated 
that variation in methods that have been used to date make comparison among studies 
difficult, and thus hamper any interpretation of changes to the microplastic profile and 
properties at different stages along the transport pathway.  
b) With samples from different matrices, what pre-processing of samples is used?  
The message from the four academic experts interviewed was that digestion is important 
to remove potentially confounding particles, particularly for spectroscopic methods, but 
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some processes can degrade plastics, which is rarely taken into account. The experts 
were of the opinion that use of Fenton’s reagent (H2O2 and ferrous iron) is the most 
effective method to remove organic matter. Density separation is necessary for sediment 
and the effectiveness of separation depends on the granulometry of the sediment. The 
four academic experts were in agreement that separation of microplastics from the matrix 
is easiest for water where volume reduction is necessary, and hardest for biota where 
tissues need to be digested.  
c) If the method has been used in marine environments, does it require any modification to 
be used in equivalent freshwater environments?  
The message from the four academic experts was that the methods used in marine 
environments should be applicable in freshwaters with a little adaptation. However, 
samples from freshwaters tend to have more organic matter, which has to be removed 
before quantification  
d) To what extent can the method provide information on different characteristics of 
microplastics such as substance, state, morphology and dimensions?  
The message from the four academic experts was that single method does not exist which 
is suitable for all questions. FTIR and Raman spectroscopy can provide information on 
polymers, number and dimensions. Thermo-analytic techniques can identify polymers and 
provide information on mass. FTIR and Pyrolysis–gas chromatography–mass 
spectrometry can provide information on degradation. Chemical techniques can provide 
information on contaminants. The experts stated that it may be necessary to use a 
combination of methods to gain a meaningful and comprehensive picture, but comparison 
across methods is not feasible. None of the experts suggested methods to establish state 
(i.e. to distinguish between solid and semi-solid (putty-like) particles). 
e) Does the sampling method used address spatial and temporal variation adequately? 
The message from the four academic experts was that spatial and temporal variation has 
not been given sufficient consideration by studies of microplastics in freshwaters and 
typically, insufficient samples are collected to address variation adequately. Furthermore, 
the experts noted that data are reported as concentrations rather than loads; the latter are 
far more informative. It is known that particulate loads are not delivered to rivers evenly. It 
was the opinion of the four academic experts interviewed that precipitation, discharge and 
tides will cause more variation in concentrations of microplastics freshwaters and estuaries 
than in marine waters, and that these variables have to be taken into account when 
interpreting data. 
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4 Literature Review 
The outcomes of the literature review undertaken are outlined below with the structure 
being based on the primary and secondary questions.  At the end of each question, a 
summary of the evidence is provided in a text box for clarity. The findings presented are 
summaries of the evidence available and, therefore, are influenced by the reliability of the 
primary literature, including grey literature, on which this report is based. An assessment of 
the reliability of the 209 studies included in this review was undertaken (see section 4.1.2). 
However, this assessment of reliability was not used to exclude studies from the review, 
which was based on all 209 evidence sources. 
4.1 Primary question: Are the methods transferable to 
different sample matrices and can they be used to 
assess changes to the MP profile and properties at 
different stages from sink to river and river to tap? 
In order to address the primary question it was necessary to divide the sampling and 
analytical methods used to provide data on the presence of microplastics in freshwater 
matrices into a number of steps,  
i) sampling the matrix,  
ii) separating microplastic particles from the matrix and other particles,  
iii) quantifying the microplastic particles present, 
iv) characterising the microplastic particles present. 
4.1.1 Sampling the matrix 
The methods chosen for the first step, sampling the matrix, is inherently dependent upon 
the matrix being sampled and methods are not transferable between different matrices. 
However, the approach to sampling the matrix has the potential to influence the results 
obtained.  
The approaches used to sample microplastics from water included nets, both static and 
trawled, bulk water samples and samples of water pumped over sieves. Data were 
typically reported per unit volume or, occasionally, where surface trawls were used, per 
unit area. 
The volume of water sampled varied over eight orders of magnitude in freshwaters and six 
in estuaries (Fig. 5a).  
Sediments were sampled using a variety of techniques, including grabs, cores, quadrats, 
scoops and resuspension cylinders. Data were reported per unit volume, per unit sediment 
mass, or occassionally per unit area (without any indication of depth sampled). To enable 
comparison, data expressed per unit sediment mass were converted to per unit volume 
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using the density of quartz (2650 kg m-3).and an assumed porosity of 0.4, to give 1590 kg 
m-3 for dry sediment and 1990 kg m-3 for wet sediment.  
The range of volumes of sediment sampled was considerably lower than for water, 
spanning three orders of magnitude, and with all sample volumes less than 0.1 m3 
[equivalent to 159 kg dry weight or 199 kg wet weight] (Fig. 5b). The smallest volumes 
sampled were 0.000028 m-3 [equivalent to 45 g dry weight or 56 g wet weight] for 
freshwater and 0.00005 m-3 [equivalent to 80 g dry weight or 100 g wet weight] for 
estuaries. The difference in the range of sample volumes used between these two 
matrices (sediment and water) was likely to be a consequence of the difficulty of 
sampling/extracting particles from large volumes of sediment, which is possible for water 
through the use of trawled nets.  
Fig. 5. Range, 25%ile, 75%ile, and median volume of a) water and b) sediment sampled in 
freshwaters and estuaries. 
There are implications associated with the volume of water sampled. Filtration of large 
volumes of water is only possible through the use of relatively coarse mesh size in 
nets/filters, as finer mesh sizes are more likely to become clogged, an issue reported by 
sources that compared the use of nets of different mesh size (e.g. Hohenblum et al. 2015, 
Dris 2016, Dris et al. 2018). Hence, there was a direct relationship between the size of the 
smallest particles considered (derived from mesh size of the primary filter/net used) and 
the volume of water sampled in both freshwater (Fig. 6a) and estuaries (Fig. 6d): large 
volumes of water can only be sampled using nets of relatively coarse mesh, which 
therefore, do not capture smaller particles. It is possible that particle morphology may 
influence the particles retained by filters but no studies considered or quantified such an 
effect. 
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In turn, the mean abundance of microplastic particles reported appeared to be inversely 
correlated with the volume of water sampled (Fig 6b & e). Whilst it is necessary to collect a 
sufficiently large sample of the matrix to ensure that any estimates of abundance are 
robust (i.e. sufficient to capture an adequate sample of particles), the mean abundance of 
particles reported also appeared to be inversely related to the size of the smallest particle 
considered (Fig. 6c & f). Some studies compared samples of different volumes, but in each 
case, methodology and the size of particles considered varied as well as volume, so it was 
not possible to determine the effect of volume per se rather than any effect of the size of 
particles considered. Small particles of microplastic tend to be more abundant than larger 
particles, as noted by several sources where data were analysed by particle size class 
(e.g. Estahbanati and Fahrenfeld 2016, Lahens et al. 2018, Di et al. 2019). Hence, those 
methods of sampling and processing that retained smaller particles returned higher 
concentrations of microplastic particles. 
Fig. 6. Relationships among a & d) the volume of water sampled and the smallest particle 
size considered, b & e) the volume of water sampled and the mean abundance of 
microplastics recorded, and c & f) the smallest particle size considered and the mean 
abundance of microplastics recorded, in freshwaters (a-c) and estuaries (d-f). Each point 
represents values for a different study or sampling technique. Concentrations and volumes 
sampled standardized to m3.  
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Fig. 7. Relationships among a & d) the volume of sediment sampled and the smallest 
particle size considered, b & e) the volume of sediment sampled and the mean abundance 
of microplastics recorded, and c & f) the smallest particle size considered and the mean 
abundance of microplastics recorded, in freshwaters (a-c) and estuaries (d-f). Each point 
represents mean values for a different study or sampling technique. Concentrations and 
volumes sampled standardized to m3. 
The standard approach used in marine systems is to tow a net (plankton, manta, neuston 
or bongo nets) comprised of ≈330 μm mesh over long distances (Bannick et al. 2019), an 
approach that has been adopted for sampling both large lakes and rivers (e.g. (Dris et al. 
2015, Mason et al. 2016, Kapp and Yeatman 2018). Whilst this method is appropriate for 
sampling larger particles that occur at low abundance (e.g. (Dris 2016), other methods are 
required to sample smaller particles from water. Bulk water samples, either pumped or 
grab samples, were typically used by sources that investigated smaller particles (e.g. 
(Majewsky et al. 2016, Bordos et al. 2019). 
The volume of sediment sampled did not appear to be related strongly to the smallest 
particle size considered in either freshwaters or estuaries (Fig. 7a & d), and was more 
likely to be governed by the practicalities of collecting, transporting and processing large 
volumes of sediment. Similarly, the mean abundance of microplastic particles did not 
appear to be related to the volume of sediment sampled (Fig. 7b & e) or the smallest 
particle size considered (Fig. 7c & f). Nevertheless, due to the limited range of sample 
volumes used, the evidence available may not be sufficient to robustly test such 
relationships. As several sources investigating the relationship between particle size and 
abundance of microplastics in water have shown that small particles of microplastic tend to 
be more abundant than larger particles (e.g. Estahbanati and Fahrenfeld 2016, Lahens et 
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al. 2018, Di et al. 2019), it is likely that an inverse relationship between particle size and 
abundance also applies to sediment. However, deposition processes may influence the 
relative abundance of particles in sediment compared with water, as size and density are 
likely to affect the rate that particles become entrained in sediments.  
There was insufficient evidence to draw conclusions on the most appropriate way to 
sample microplastics from freshwater and estuarine sediments. A range of sample 
volumes may be necessary to quantify the abundance of different sized particles 
adequately. More research into appropriate sample volumes for sediment is required. 
In summary, the size range of particles captured by the sampling and processing method 
used influences the mean abundance of microplastic particles reported. Comparison 
among studies is not possible without consideration of the size of particles considered.  
 
4.1.2 Reliability 
Three measures of reliability were used (see section 2.2.2). The cumulative score (total 
achieved across all criteria) is a general measure of reliability, the number of zeros is a 
measure of the number of criteria considered unreliable, and the product of scores in all 
criteria unambiguously identifies those studies that were reliable across all criteria.  
Cumulative reliability scores ranged from 1 to 17 for water and sediment and from 2 to 18 
for biota (Fig. 8), with averages close to the middle of possible scores (total possible = 18 
for water and sediment, 20 for biota).  
The number of reliability categories that scored zero ranged from 8 to 0 per study (Fig. 9), 
with an average between 3 and 4 zeros per study (out of a possible 9 for water and 
sediment, and 10 for biota): the overall average was 3.77 zeros per study. A zero score in 
any criterion indicates it was evaluated as “not reliable”: an average of 3 to 4 zeros per 
study indicates that most studies were based on methods that were unreliable in several 
aspects. 
The size range of particles captured by the sampling and processing method 
used influences the mean abundance of microplastic particles reported.  
Comparison among studies is not possible without consideration of the size of 
particles considered. 
The volume of sample required to estimate the concentration of particles reliably 
is proportional to particle size: larger sample volumes are required to estimate 
concentrations of larger particles than smaller ones. A range of sample volumes 
may be necessary to quantify the abundance of different sized particles 
adequately.   
More studies would be needed where standardisation of methods is required. 
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Fig 8. Range, 25%ile, 75%ile, and mean cumulative reliability score of studies of 
microplastics in freshwaters and estuaries for water, sediment and biota matrices. 
 
Fig 9. Range, 25%ile, 75%ile, and mean number of zero reliability scores for studies of 
microplastics in freshwaters and estuaries. 
The reliability of studies has improved over time. Whilst there has been little change in the 
scores achieved by the most unreliable studies over time, the scores achieved by the most 
reliable studies have improved over time, both in terms of the cumulative score and the 
number of zeros per study (Fig. 10). These trends suggest that methodological 
improvements have been made as workers have become aware of the potential pitfalls. 
Using a more punitive measure of reliability, the product of the scores in all categories, 
only 12 studies did not score 0. The methods used in these 12 studies should be 
considered as a basis for developing a standardised methodology. Nevertheless, the 
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majority of studies of microplastics in freshwaters and estuaries are based on methods 
that are in some aspects not reliable. 
Fig. 10. Change in reliability scores over time. 
4.2 Secondary question: Are the methods transferable 
to different sample matrices and can they be used to 
assess changes to the microplastic profile and 
properties at different stages from sink to river and river 
to tap?  
A wide variety of methods have been used to quantify and characterise microplastic 
particles. As the study of microplastics is relatively new, the advantages and limitations of 
each method have yet to be fully established.  
The techniques most frequently used to quantify and characterise microplastics were 
optical microscopy on its own and optical microscopy in combination with Fourier-
transform infrared (FTIR) spectroscopy (Fig. 11). A wider range of techniques have been 
used in freshwaters than in estuaries, although combinations of optical microscopy, 
Raman spectroscopy, FTIR spectroscopy, pyrolysis gas chromatography–mass 
spectrometry (Py-GC/MS) and/or scanning electron microscopy (SEM) have been used in 
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both environmental compartments (Fig. 11). Although there was a greater number of 
studies from freshwaters, the wider range of techniques used in freshwaters appears to 
suggest more frequent modification of the methods used in this compartment compared 
with those used in marine systems. Similarly, a smaller proportion of evidence sources 
from freshwaters used optical microscopy on its own compared with those from estuaries 
(Fig 11).  
Fig. 11. Techniques used to quantify and characterise microplastic plastic particles in 
freshwaters and estuaries (number of studies: freshwater: water 94, sediment 52, biota 28; 
estuary: water 36, sediment 28, biota 30). 
It is apparent that the same techniques have been used to quantify and characterise 
microplastic particles across all three matrices, although the preparation of samples 
differed (see section 4.3). The size of the smallest particles considered varied with the 
method used to quantify and characterise the particles. The few sources reporting studies 
using naked eye to quantify particles only considered particles 2 mm or larger (Fig. 12). 
The smallest particle size considered by studies in freshwaters using optical microscopy 
was 1.2 µm, where particles were gathered on grey filters to aid identification (Dubaish and 
Liebezeit 2013) and 0.7 µm for studies in estuaries (Karlsson et al. 2017). Sources that 
reported the use of FTIR and Raman spectroscopy, used techniques that captured 
smallest particles of 0.2 and 1 µm respectively (Fig. 12), although the respective spatial 
resolutions of FTIR and Raman are approximately 20 and 5 μm. At a spatial resolution 
smaller than these, the ability to characterise individual particles is compromised as the 
spectroscopic methods provide an average measure over the area sampled, which will 
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include both the particle and the background (Balls et al. 2019). It is evident that some 
evidence sources used sampling/processing techniques that retained microplastic particles 
that were close to or below the size limit of detection for the technique used to quantify and 
characterise them. It is likely that the evidence from such sources is an underestimate of 
the number of microplastic particles present. The only source that considered particles in 
the nanoparticle range used Triton X-45 (TX-45)-based Cloud Point Extraction technique 
to separate and capture particles coupled with pyrolysis gas chromatography–mass 
spectrometry (Pyr-GC/MS) to quantify and characterise them (Zhou et al. 2018). 
Fig. 12. Size of smallest particle considered by evidence sources and the technique used to 
quantify and characterise particles in freshwater and estuarine habitats.  
The different techniques used can be divided into three categories, namely spectroscopic 
(FTIR, Raman, near infrared), thermoanalytical (Py-GC-MS, TED-GC-MS) and chemical 
(ICP-MS) which each return information on different characteristics of the microplastics 
present in the sample. Details of the preparation, processing time, detection limits and the 
characteristics recorded for commonly used quantification techniques are given in 
Appendix A, Table A1. The different techniques used to quantify and characterise 
microplastic particles each have their own limitations with respect to the size and number 
of particles considered, the time taken to process the sample, and the information 
obtained. Currently none of the techniques can be used in the field, as samples need to be 
prepared to remove all potentially confounding material (especially non-plastic organic 
matter) before analysis. Handling time is an important consideration; many of the 
techniques used to date have involved manual selection and separation of particles for 
analysis. Recent advances include focal plane spectroscopy combined with image 
analysis which are capable of characterising every particle within the microscope’s field of 
view. The number of particles that were analysed by each evidence source reviewed here 
varied from 10 particles throughout an entire study (Yonkos et al. 2014) to every particle 
captured (Lusher et al. 2018). Hence, the reliability of the information obtained, particularly 
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that describing the profile of microplastic particles, varied considerably among the different 
evidence sources.  
Comparison amongst the different techniques used to quantify and characterise 
microplastic particles is not possible. Due to the variety of techniques that have been used 
to quantify and characterise microplastics, as well as variation in the volume sampled and 
size of particles considered (see Section 4.1.1), it is not possible to assess changes to the 
microplastic profile and properties at different stages from sink to river and river to tap 
using the data currently available. 
4.3 Secondary question: With samples from different 
matrices, what pre-processing of samples is used?  
In order to quantify and characterise microplastic particles, it is necessary to separate 
them from the matrix. The processes used to separate microplastic particles from the 
matrix are relevant to the question “With samples from different matrices, what pre-
processing of samples is used?” As microplastics have been found in water, sediment and 
biota, the processes involved in separating microplastics vary dependent on the matrix 
sampled. This is particularly relevant as the processes used to separate microplastic 
particles from the matrix may influence how many and which particles, both plastic and 
non-plastic, are isolated. 
Three processes were documented to physically separate microplastic particles from 
matrices. These were filtration, separation using a density gradient, and dissection, either 
in isolation or combination. Filtration involves capture of particles on a mesh of various 
mesh sizes/grades, which influences the size of particles to be trapped (see Section 
4.1.1). Density separation involves increasing the density of the solution to separate less 
dense particles by flotation and the density of the solution chosen can influence the 
polymers captured dependent upon their density (Quinn et al. 2017). The order of the 
processes used varied amongst the evidence sources. Both in freshwater and estuaries, a 
Spectroscopic (FTIR, Raman, near infrared), thermoanalytical (Py-GC-MS, TED-
GC-MS) and chemical (ICP-MS) methods have been used to quantify and 
characterise microplastics in freshwaters and estuaries: most studies have used 
FTIR or Raman spectroscopy. 
The different methods return information on different characteristics of 
microplastics. 
Due to the variety of techniques that have been used to quantify and characterise 
microplastics, as well as variation in the volume sampled and size of particles 
considered, it is not possible to assess changes to the microplastic profile and 
properties at different stages from sink to river and river to tap using the data 
currently available. 
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high proportion of evidence sources reporting investigations into microplastics in water 
used filtration either alone or with density separation, whereas investigations into 
microplastics in sediment tended to use density gradients (typically in combination with 
filtration). Density gradients were established typically by adding either NaCl or ZnCl2 
(although other solutions have been used, e.g. NaI, ZnI2, Na6[H2W12O40]), with the latter 
preferable as it produces a larger density gradient and is more likely to separate higher 
density plastic particles (Quinn et al. 2017). One source detailed the use of canola oil to 
efficiently separate microplastics from estuarine sediments using the oleophilic properties 
of microplastics (Crichton et al. 2017). Naturally, dissection was restricted to biota and 
used frequently (88% of sources from freshwater [n=28], 90 % from estuaries [n=30]) 
although this process was not always used to separate particles from organisms: some 
smaller animals were homogenised before particles were separated (e.g. Hurley et al. 
2017). When dissection and the order of processes were not considered when calculating 
percentages (to allow better comparison among matrices), it was apparent that most 
sources dealing with sediment used a combination of density separation and filtration, and 
that a large proportion of sources dealing with biota used no separation other than 
dissection (Fig. 13).  
Fig. 13. Techniques used to separate microplastics from the matrix (number of studies: 
freshwater: water 94, sediment 52, biota 28; estuary: water 36, sediment 28, biota 30 ). 
As sediments are composed of large numbers of particles of varying density, it is not 
surprising that density gradients were used extensively to separate microplastic particles 
from this matrix. Similarly, the relative ease of filtering water may explain why this process 
was used extensively by sources reporting studies of microplastics in water.  
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Physical separation of particles from the matrix does not necessarily separate microplastic 
particles from other similarly behaving non-plastic particles. Hence, digestion was 
frequently used to remove non-plastic particles from the sample before particle 
quantification, using acid, alkali, oxidation (typically with H2O2 or Fenton’s reagent: Tagg et 
al. 2017, Hurley et al. 2018b) or enzymes (Fig. 14). A large proportion of studies did not 
use any digestion (42% of sources from freshwater [n=141] and 49% of sources from 
estuaries [n=82]), potentially leading to an overestimate of the abundance of microplastics 
in these studies. Adequate digestion is required to avoid including non-plastic particles in 
estimates of abundance. Enzymatic digestion was the method used least (not used in any 
study of sediment and only used for water in freshwaters). Digestion with acid or alkali was 
largely restricted to studies of biota: these more aggressive treatments are efficient at 
digesting large amounts of organic material but lead to degradation of plastic particles and, 
hence, an underestimate of abundance (Karami et al. 2017, Naidoo et al. 2017, Hurley et 
al. 2018b). Oxidative digestion is a preferred method as it has less impact on microplastics 
and was the most frequently used method of digestion in studies of water or sediment (Fig. 
14).  
Use of a stain to discriminate between plastic and non-plastic particles may aid 
quantification, particularly of small particles (Erni-Cassola et al. 2017) but requires 
complete removal of non-plastic organic matter and is rarely used (Fig. 14). 
Fig. 14. Methods used for digestion and staining (number of studies: freshwater: water 94, 
sediment 52, biota 28; estuary: water 36, sediment 28, biota 30). 
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4.4 Secondary question: If the method has been used 
in marine environments, does it require any 
modification to be used in equivalent freshwater 
environments?  
For each evidence source, it was recorded if the methods used to collect and/or quantify 
the amount of microplastic present were modified compared with methods used in marine 
systems using a yes/no score. Direct reference to methods used in marine systems was 
taken as evidence of a lack of modification. Modifications were noted in sampling 
techniques (novel methods used to collect the matrix, e.g. nets, sediment grabs, pumps), 
processing (novel methods used to separate microplastics from the matrix, e.g. filtration 
devices, separation techniques) and quantification (novel methods used to quantify and 
characterise microplastics). The percentage of evidence sources using modified methods 
to describe microplastics in biota, sediment and water was calculated.  
Most sources reporting evidence from estuaries or freshwaters did not use modified 
methods (>85% over all evidence sources). It would be preferable if the same methods 
were used across different habitats to increase comparability of results. Modified methods 
were used most by sources reporting evidence on the prevalence of microplastics in 
sediment, particularly freshwater sediment, where 27% [n=52] used modified methods 
(Fig. 15). No sources reporting evidence on the prevalence of microplastics in biota used 
modified methods.  
Physical separation of microplastics is necessary, although not used in all studies. 
Most studies have used filtration on its own or combined with density separation. 
 Digestion of non-plastic organic matter is required to avoid overestimation of the 
abundance of microplastics, but evidence shows that it has not always been 
used. 
Where organic matter has been digested, oxidative methods are used most 
frequently although acid and alkali digestions can degrade polymers and lead to 
an underestimation of the abundance of microplastics.  
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Fig. 15. Percentage of evidence sources that used methods modified from those used in 
marine studies (number of studies: freshwater: water 94, sediment 52, biota 28; estuary: 
water 36, sediment 28, biota 30). 
 
4.5 Secondary question: To what extent can the 
method provide information on different characteristics 
of microplastics such as substance, state, morphology 
and dimensions?  
The European Chemical Agency (ECHA 2018) definition of microplastics considers four 
criteria, substance (i.e. which polymer, but potentially also any additives and influence of 
production), state (i.e. whether solid or semi-solid [putty-like]), morphology (i.e. what 
shape) and dimensions (i.e. a measure of size). Here, for the more frequently used 
techniques, the proportion of sources that reported information on these criteria was 
quantified, together with an additional criterion, the source of the microplastic particle (i.e. 
discrimination between primary and secondary particles based on surface 
oxidation/damage).  
To enable comparison among the different techniques used to quantify and characterise 
microplastic particles, the frequency (percentage of evidence sources using the five 
techniques considered) with which the evidence sources reported information on the five 
criteria (substance, state, morphology, dimensions and source) was determined. The 
estimates of frequency provided were more reliable for those techniques that were used 
more often (see Fig. 16).  
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None of the evidence sources reported information on the state of particles (i.e. whether 
solid or semi-solid).  
None of the evidence sources that used optical microscopy reported information on 
substance (Fig. 16a). Evidence sources that used the other techniques (combinations of 
optical microscopy and FTIR, Raman, Pyr-GC/MS or SEM) all reported information on 
substance. This is critical to discriminate between plastic and non-plastic particles. Early 
studies typically isolated individual particles for analysis, with number varying from as few 
as 10 particles throughout an entire study (Yonkos et al. 2014), although more recent 
studies use equipment that can analyse every particle captured (Ball et al. 2019).  
Although not frequently used compared with other techniques (Fig. 11).  
Overall, less than a third of the evidence sources reported information on the source of 
microplastic particles (primary or secondary particles), with the largest proportion being 
those that used optical microscopy and SEM, where SEM can identify the marks of aging 
on particle surfaces (Fig. 16b).  
With the exception of evidence sources that used optical microscopy and Pyr-GC/MS in 
estuaries (which were relatively infrequent) evidence sources based on all five of the 
techniques considered here reported information on the morphology of particles (Fig. 16c). 
However, there was considerable variation in the terminology used to describe the 
morphology of particles (e.g. fragments, flakes, beads, spheres). It would be advisable to 
develop a standard terminology to describe the morphology of particles. 
Most evidence sources reported information on dimensions, irrespective of the technique 
used, with the exception of those few evidence sources that used optical microscopy and 
Pyr-GC/MS to describe microplastics in estuaries (Fig. 16d). However, the size ranges 
used to report concentrations varied among studies making comparison difficult. It would 
be advisable to use standardised size ranges to characterise and report on concentrations, 
as are used for dust analysis. 
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Fig. 16. Influence of methods used to quantify and characterise microplastic particles and 
the percentage of evidence sources that reported information on a) substance b) source, c) 
morphology and d) dimensions of microplastic particles in freshwaters and estuaries 
(number of studies: freshwater 141, estuary 82).  
 
 
With the exception of sole use of optical microscopy, the methods used to 
quantify and characterise microplastics provide detail on substance (polymer 
type), morphology and dimensions.  
No methods provide details of state (solid vs semi- solid). 
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4.6 Secondary question: Does the sampling method 
used address spatial and temporal variation 
adequately? 
Details of the scale of replication of samples were recorded for each source of evidence 
where available. The majority of studies used spot samples (where each sample analysed 
was collected from a single location in space and time) rather than integrated samples 
(where the sample analysed comprised multiple samples derived from different 
locations/times and combined) to describe the microplastics present (Fig. 17). 
Fig. 17. Percentage of evidence based on spot samples (number of studies: freshwater 141, 
estuary 82). 
 
Although, concentrations of contaminants are not evenly distributed in space and time in 
freshwater and estuarine systems (Lloyd et al. 2014), 39% of studies overall [n=209] were 
based on unreplicated samples with a higher frequency occurring in evidence sources 
which investigated microplastics in biota (Fig. 18). Spatial replication was more frequently 
used in studies of microplastics in sediment than other matrices (Fig. 18). Whilst temporal 
replication was used for all three matrices in estuaries, in freshwaters it was used more 
frequently in investigations of microplastics in water. Despite studies demonstrating 
substantial spatial and temporal variation in the abundance of microplastics in water (e.g. 
Dubaish and Liebezeit 2013, Lima et al. 2015, Rodrigues et al. 2018) and sediment (e.g. 
Stolte et al. 2015, Hurley et al. 2018a, Imhof et al. 2018) associated with seasonality or 
rainfall events, spatial and temporal replication was used least, in an average of 5% of 
studies overall [n=209].  
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Fig. 17 Scale of replication used by evidence sources for sampling the prevalence of 
microplastics in freshwaters and estuaries (number of studies: freshwater: water 94, 
sediment 52, biota 28; estuary: water 36, sediment 28, biota 30). 
 
5. Limitations  
Key limitations of this review are outlined below and these stem primarily from the facts 
that: 
 This is a relatively new and developing scientific field and methods are developing 
rapidly.  
 There are inconsistencies in the way methods and results are reported in different 
studies.  
 Very few studies have been undertaken that test and report the performance of 
methods under method validation conditions.  
 The findings presented are infuenced by the reliability of the primary literature, 
including grey literature, on which this report is based. An assessment of the 
reliability of the studies included in this review was undertaken (see section 4.1.2). 
However, this assessment of reliability was not used to exclude studies from the 
review, which was based on all evidence sources. 
Most studies have used methods that do not address spatial and temporal variation 
adequately. 
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6. Conclusions 
The aim of this evidence review was to address the question “Are the current sampling 
and analytical methods used to provide data on the presence of MPs in freshwater 
matrices as well as other environmental materials scientifically robust and appropriate?” 
using the evidence available from reported studies of microplastics in freshwaters and 
estuaries. It was clear from this evidence that the methods used to sample and separate 
microplastic particles from water in both environmental compartments influenced the 
concentration of microplastic particles reported. In particular, those methods that collected 
smaller particles from the water reported higher concentrations of microplastic particles, 
with the relationship between the size of the smallest particle considered and 
concentration of particles described by a log-log relationship. It is likely that the same is 
true for the methods used to sample and separate microplastics from sediment, although 
the practical constraints of collecting large volumes of sediment appears to limit the range 
of volumes of sediment sampled. It is also likely that, in many cases, the volume of 
sediment sampled has been insufficient to provide a robust estimate of larger, and hence 
less abundant, particles.  
The standard approach used in marine systems is to tow a net (plankton, manta, neuston 
or bongo nets) comprised of ≈330 μm mesh over long distances, an approach that has 
been adopted for sampling both large lakes and rivers. Whilst this method is appropriate 
for sampling larger particles that occur at low abundance, bulk water samples, either 
pumped or grab samples, are required to sample smaller particles. This finding is in 
agreement with the opinion of the experts who noted that there is no consensus on what 
comprises a representative sample volume in order to adequately quantify particles of 
different sizes. There was insufficient evidence to draw conclusions regarding the most 
appropriate way to sample microplastics from freshwater and estuarine sediments.  
Different methods have been used to separate microplastics from biota, sediment and 
water matrices, potentially leading to different concentrations and profiles of microplastics 
being reported from the different matrices. Studies of biota tended to use no separation 
(other than dissection) more than those of other matrices, and studies of sediment used a 
combination of density separation and filtration more than those of other matrices. Studies 
of either water or sediment used filtration alone more than those of biota. A large 
proportion of studies did not use any digestion (42% of sources from freshwater and 49% 
of sources from estuaries), potentially leading to an overestimate of the abundance of 
microplastics through the misidentification of non-plastic particles. Digestion with acid or 
alkali was largely restricted to studies of biota; these more aggressive treatments should 
be avoided as they lead to degradation of plastic particles and, hence, an underestimate of 
abundance (Karami et al. 2017, Naidoo et al. 2017). The experts expressed concern 
regarding the influence of the different sample preparation methods on returned 
concentrations, in particular the effect of digestion on certain polymers. Only one study 
considered particles in the nanoparticle range, which used a Triton X-45 (TX-45)-based 
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Cloud Point Extraction technique to separate and capture particles coupled with pyrolysis 
gas chromatography–mass spectrometry (Pyr-GC/MS) to quantify and characterise them. 
Most evidence from freshwaters and estuaries was based on methods that were not 
modified compared with those used in marine systems (>85% over all evidence sources). 
It would be preferable if the same methods were used across different habitats to increase 
comparability of results. No evidence from biota was based on modified methods, whereas 
modification of methods was most prevalent in studies of sediments: 27% of the evidence 
from freshwater sediments was based on modified methods. It is likely that the challenges 
of sampling sediments from freshwaters (compared with marine systems), has resulted in 
a modification of the methods used. 
The majority of evidence available on microplastics in freshwaters and estuaries was 
based on spot samples, with no or limited replication in space and time. Although 
microplastics are likely to accumulate in depositional zones, be unevenly distributed 
through the water column, and vary in concentration dependent on precipitation, overall, 
39% of studies were based on unreplicated samples. As the profile of microplastics is 
likely to be influenced by environmental conditions (e.g. river stage, tidal cycle), the lack of 
robust replication will influence the confidence with which changes can be identified in the 
profile and properties of microplastics at different stages from sink to river and river to tap. 
Optical microscopy on its own or in combination with FTIR spectroscopy were the most 
frequently used methods to quantify and characterise microplastics. Optical microscopy on 
its own is open to the influence of human bias in the recognition of particles, potentially 
leading to over (inclusion of non-plastic particles) or under (failing to recognize microplastic 
particles) estimation of concentrations, a point also noted by the experts interviewed. Of 
the criteria that form the European Chemical Agency (ECHA) definition of microplastics 
(substance, state, morphology and dimensions), none of the methods used to quantify and 
characterise microplastics provided any information on state (solid/semi-solid [putty-like]). 
Optical microscopy alone provided no information on substance, despite this method being 
used frequently in both freshwaters (23% of evidence sources) and estuaries (39% of 
evidence sources). Optical microscopy on its own or in combination with FTIR or Raman 
spectroscopy rarely provided information on the source (primary or secondary) of particles. 
The number of particles that were analysed by each evidence source varied from 10 
particles throughout an entire study to every particle captured. Hence, the reliability of the 
information obtained, particularly that describing the profile and properties of microplastic 
particles, varied considerably among the different evidence sources. To avoid false 
positives or false negatives (inclusion of non-relevant particles, or omission of relevant 
particles) it is preferable that the composition is determined for all particles, although this 
presents a methodological challenge with respect to the smallest particles. The experts 
noted that automated methods based on Fourier Transform Infrared Spectroscopy (FTIR) 
are becoming available which will reduce any potential bias caused by human selectivity 
when identifying microplastic particles. It would be appropriate to adopt the limit of 
detection/quantification approach typically used for analytical determination of 
contaminants, both in terms of size and concentrations of particles, as described in Ball et 
al. (2019). 
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In conclusion, a wide variety of methods have been used, with no standardization amongst 
workers, making comparison among studies is difficult, a point stressed by the experts 
interviewed. Scientifically robust and appropriate sampling and analytical methods have 
rarely been used to provide data on the presence of microplastics in freshwater and 
estuarine matrices as well as other environmental materials. Only 12 studies did not score 
0 in the product of the scores in all categories of reliability assessed: the methods used in 
these 12 studies should be considered as a basis for developing a standardised 
methodology. 
7. Recommendations 
Based on the findings of this evidence review and to work towards an improved level of 
method standardisation, it is recommend that methods should report the size range of 
particles being considered. Better still, they should provide estimates of the concentration 
and properties of microplastics by standardised size classes (e.g. using fractionated 
filtering as described by Bannick et al. 2019, or through adoption of a system similar to the 
PM2.5 PM10 system used for dust analysis). It is also recommend that methods should be 
based on an appropriate intake volume of the matrix sampled. Following on, robust 
replication should be practiced both in terms of the samples collected from the 
environment and the proportion of particles characterised. It is also recommended most 
strongly that a more consistent approach to the separation and digestion stage of 
processing samples is adopted, to ensure that the profile and properties of microplastic 
particles is not influenced. A digestion stage should be included for all material, using a 
less aggressive oxidation process (such as H2O2 or Fenton’s reagent), along with a density 
separation process. Positive controls should be included to assess the influence of 
separation and digestion on the profile and properties of microplastic particles. Finally, 
analytical verification of polymer composition should include as much of the sample as 
possible. 
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Appendix A Table A1. Characteristics of detection methods (modified from Braun et al. 2018) 
Characteristic Spectroscopic Thermoanalytical Chemical 
 μ Raman μ FTIR 
(trans) 
FPA 
FTIR 
(trans) 
μ ATR-
FTIR 
 
ATR-
FTIR/ 
Raman 
NIR / 
Hyperspectra
l imaging 
Py-GCMS Mod. 
Py-GCMS* 
 
TED-GC 
MS 
 
DSC ICP-MS 
 
Specimen 
mass 
ng - μg ng - μg ng - μg mg mg mg μg mg mg mg mg 
Maximum 
number of 
measurable 
particles per 
sample 
103 – 105 103 – 
105 
103 – 
105 
1 1 Undefined 1 Undefined 
 
Undefined 
 
Undefined 
 
Undefined 
 
Dimension 
measuring 
time (including 
preparation for 
measurement) 
h - d d h min min min h h h h min 
 
Detection level 
(in sample 
tests) 
1-10 μm 
 
20 μm 20 μm 25-50 
μm 
 
500 μm 1 % 1-0.5 μg 
 
0.5-2.5 μg 
 
0.5-2.5 μg 
 
 ppm 
 
Preparation 
for 
measurement 
On filter On 
special 
filter 
On 
special 
filter 
Isolated 
particles 
Isolated 
particles 
On filter Isolated 
particles  
Filtrate or 
with filter 
Filtrate or 
with filter 
Filtrate Filtrate  
Identification 
of polymer 
YES YES YES YES YES YES YES YES YES YES/NO YES/NO 
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Mass NO NO NO NO NO NO NO NO YES YES/NO YES 
Particle size/ 
number of 
particles 
YES YES YES YES YES YES NO NO NO NO NO 
Additives Pigments No No No No No Yes No No No No 
State of 
degradation 
Surface 
oxidation 
No No Surface 
oxidation 
Surface 
oxidation 
No Oxidation No No Mol. 
weight 
No 
 Sensitive 
to 
particle 
surface 
  Sensitive 
to 
particle 
surface 
Sensitive 
to 
particle 
surface 
 Very 
sensitive 
to polymer 
compositi
on 
Very 
sensitive to 
polymer 
composition 
Not for 
PVC 
Only for 
semi-
crystaline 
polymers 
Only for 
soluble 
polymers 
* Depending on the individual design of the pyrolysis unit, larger sample quantities can also be pyrolysed (Curie point filament, Micro furnace).  
μ Raman                                     Raman microscopy 
μ FTIR (trans)                             Fourier transformation infrared spectroscopy microscopy in transmission mode 
FPA FTIR (trans)                        Fourier transform infrared spectroscopy microscopy in transmission mode with focal plane array detector 
μ ATR-FTIR                                Micro attenuated total reflection Fourier transformation infrared spectroscopy 
ATR-FTIR                                   Attenuated total reflection Fourier transformation infrared spectroscopy 
Py-GC-MS                                  Pyrolysis gas chromatography mass spectrometry 
Mod. Py-GC-MS                         Pyrolysis gas chromatography mass spectrometry with upstream thermal conditioning of the samples 
NIR                                             Near infrared spectroscopy 
TED-GC-MS                              Thermal extraction desorption gas chromatography mass spectrometry 
DSC                                           Differential scanning calorimetry 
ICP-MS                                      Inductively coupled plasma mass spectrometry 
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Appendix B ER1_Capture.xls 
See Excel spreadsheet ER1_Capture.xls. Column headers reproduced here for convenience. 
Evidence 
Waterbody Type 
Study 
Type Matrix   Bulk sample collection  Volume sampled 
               
Ref No Reference Year Summary 
      Other detail   Other detail Volume Units 
    
menu menu menu free menu free free menu 
 
No Sites Within site replication Plastic Pre-processing   Pre-processing Staining 
            Separation   Digestion   
  Sample scale Replication Macro- Micro- Nano- Method 1 Method 2 Method   
free menu menu Y/N Y/N Y/N menu menu menu Y/N 
 
Quantification   Characterisation             
                  
Method Other details substance polymer source physical state morphology dimensions 
particle size 
included 
menu free Y/N menu Y/N Y/N Y/N Y/N free 
 
Continent UK 
Reported abundance 
  
Location   Location   
  UK Lat Long Mean Min Max Units Other details Comments 
menu Y/N   free free free menu free free 
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